Background
Introduction
Acute coronary syndrome (ACS) is a growing public health problem in the Middle East and poses an economic burden [1, 2] . Like many Arab gulf countries, Saudi Arabia has a large guest worker non-Saudi work force. In the last Saudi national census in 2010, the expatriate population comprised at least 30% of the general population of Saudi Arabia [3] The non-Saudi population has distinct racial, socioeconomic, and demographic characteristics; accordingly, the received health care, response to therapy, and clinical outcomes may differ in this population compared to the population of Saudi nationals.
The Saudi Project for Assessment of Coronary Events (SPACE) registry is the first national study to provide a comprehensive overview of current diagnostic and treatment strategies for ACS patients in Saudi Arabia [4, 5] . Our objectives in this study were to investigate the clinical presentation, hospital care and treatment strategies, and hospital outcomes in non-Saudi expatriate ACS patients and to compare them with those of Saudi national ACS patients based on data from the SPACE registry.
Methods
The SPACE study was the first prospective, multicenter, observational study of all consecutive ACS patients admitted to participating hospitals across Saudi Arabia. The objectives of SPACE were to study current practice patterns in the management of ACS, assess the gap between clinical practice and guidelines, and potentially improve the quality of cardiac care. The SPACE study was conducted from 1 December, 2005 to 31 December, 2007. The full description of the methods was published previously [4, 5] . Briefly, 17 urban hospitals in 7 cities that were representative of 5 regions in Saudi Arabia participated in the SPACE registry. Of the participating hospitals, 12 (70%) had a cardiac catheterization lab, while just 2 (12%) of the hospitals offered around the clock primary percutaneous coronary interventions (PCI) for all of their ST-elevation myocardial infarction (STEMI) patients.
To avoid double-counting patients, each patient's national identification number was used, however no other identifiers such as patient's name were included in the Case Report Form (CRF), and the identity of patients was anonymized all throughout the process of data analysis. The following data were collected using the CRF: demographic information; past medical history; provisional diagnosis on admission and final discharge diagnosis; ECG findings; laboratory investigations; medical therapy used on admission, during hospitalization, and on discharge; use of cardiac procedures and interventions; adverse in-hospital outcomes; and in-hospital mortality. The different types of ACS were categorized based on the definitions of the Joint Committee of the European Society of Cardiology/American College of Cardiology (ACC) [6] .
Given that our initial analysis of the SPACE data showed that the non-Saudi cohort was predominantly male and that the median age were significantly lower than that of the Saudi cohort, we performed propensity score matching to account for these two major demographic imbalances. Matching was also performed because our primary objective was to assess process of care and the resulting outcomes given similar circumstances. Baseline characteristics, hospital therapies, and clinical adverse outcomes were compared between Saudi nationals and nonSaudis. Ethics approval was obtained from the institutional review board (IRB) of King Khalid university Hospital, King Saud University (The principle coordinating center), as well as from all participating hospitals (S1 Hospitals List). Given that the SPACE registry is in part a quality improvement initiative, and that patients identity were anonymized to the analyzers, the IRB did not require a written informed consent.
Statistical analysis
Categorical data were reported as absolute numbers and percentages. Numeric data were reported as means and standard deviations (SD) or as median values and interquartile range. The propensity score was calculated using logistic regression modeling with 'sex' and 'age' as covariates. For each non-Saudi, 3 age-and sex-matched propensity scores from Saudi nationals were identified using the SAS '1: N Matching' macro. Comparisons between groups were performed using the chi-square test for categorical variables. We used the independent sample t-test or Mann-Whitney U test for continuous variables for unmatched data. We used McNemar's test for categorical variables and paired samples t-tests or the Wilcoxon signed rank sum test for continuous variables for matched data. The adjusted odds ratios were calculated using conditional logistic regression models adjusted for a history of hypertension, hyperlipidemia, peripheral artery disease (PAD), coronary artery bypass graft surgery (CABG), diabetes mellitus, heart failure, percutaneous coronary intervention (PCI), and discharge diagnosis. Some of the risk factors were not included in the model due to missing data, despite significant differences between the two groups (i.e. Saudi nationals versus non-Saudis). All analyses were performed using SAS/STAT software, Version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
A total of 5055 ACS patients from 17 hospitals enrolled in the SPACE registry. Prior to age and gender matching, Saudi nationals were significantly older than non-Saudis (59.7±12.8 years vs. 50.2±10.5 years, p<0.0001), and there were significantly more males in the non-Saudi group (91.3% vs. 74.5%, p<0.0001), (S1, S2, and S3 Tables). Of the 5055 patients, 2031 patients were matched according to age and sex. Table 1 shows the baseline characteristics of the study cohort. The mean age of the study population was 56.2 ± 9.8 years, and the vast majority were male (83.5%). Compared to non-Saudi patients, Saudis had significantly higher rates of diabetes (60% vs. 50.1%, p<0.0001), hypertension (55.1% vs. 48%, p = 0.01), and hyperlipidemia (48% vs. 42.1%, p = 0.03). More non-Saudis than Saudis had a past history of CABG (5.7% vs. 5.9%, p<0.0001) and PAD (5.9% vs. 8.7, p = 0.038). On the other hand, Saudi patients were more likely to have a history of PCI (15.4% vs. 11.2%, p = 0.0003) and cerebrovascular disease compared to non-Saudis (4.8% vs. 2.8%, p<0.0001). With regard to the type of ACS presentation, Saudi patients were more likely to present with unstable angina or non-ST elevation myocardial infarction (NSTEMI), while non-Saudis were more likely to present with STEMI. Moreover, non-Saudi patients were more likely to present with symptoms of heart failure (22.8% vs. 17.7%, p = 0.017). In patients presenting with STEMI, the median time from the onset of symptoms until hospital arrival was significantly longer in non-Saudis compared to Saudis [Median 130 min (167) vs. 175 min (197), p = 0.027].
With respect to baseline blood findings, non-Saudis were more likely to be anemic and to have higher levels of total cholesterol compared to Saudis, though the mean LDL cholesterol levels were not different. There were no differences between the two groups in the frequency of significant left ventricular systolic dysfunction, which was defined as an ejection fraction <35%. Saudis were more likely than non-Saudis to undergo diagnostic coronary angiograph; however, there were no differences between the two groups with respect to the rates of highrisk coronary anatomy (Table 1) .
Hospital therapies
Significant differences were observed in medical therapy prior to hospitalization between Saudis and non-Saudis (Table 2) . With the exception to fibrinolytic therapy, there were no significant differences in the hospital medical therapies received by Saudis versus non-Saudis, and both groups received high rates of evidence-based medicines (Table 2) . In STEMI patients, fibrinolytic therapy was used more frequently in non-Saudis compared to Saudis (82.4% vs. 65%, p<0.001), and when used, the median door-to-needle time was shorter in non-saudis [45 min (45) vs. 57 min (74), p = 0.007]. Although the rate of primary PCI in the entire study cohort was low (16.6%), the rate of primary PCI was significantly higher in Saudis compared to non-Saudis (12.8% vs. 7.8%, p<0.001). Even though primary PCI was used less frequently in non-Saudis, the median door-to-balloon time was shorter in these patients compared to Saudis [85.5 min (88) vs. 112.5 min (14.5), p = 0.045]. Moreover, the rate of those with a door-toballoon time < 90 minutes was significantly higher in non-Saudis (Table 2) . PCI rates in general (determined either as primary or after the index event) were higher amongst Saudi patients, while rates of CABG were not different between the two groups (Table 3) .
Hospital outcomes
Overall mortality rates were significantly higher in non-Saudis (4.1% vs. 1.6%, p = 0.0005), as were heart failure rates (10.8% vs. 7.6%, p = 0.02) and cardiogenic shock rates (6.1% vs. 3.4%, p = 0.003). There were no differences between the two groups with respect to the rates of reinfarction, major bleeding, and stroke (Table 3) . Non-Saudi status was a significant predictor for death, heart failure, and cardiogenic shock (Table 4) . After adjusting for the type of ACS presentation and for risk factors, heart failure at presentation, PAD, and revascularization procedures, non-Saudi status remained an independent predictor of mortality [odds ratio 2.9 (1.5-6.2), p = 0.004], and cardiogenic shock [2.8 (1.5-4.9), p<0.001].
Discussion
This is the only study to date to investigate treatment and outcome disparities between Saudi nationals and non-Saudi expatriates that presented with ACS at hospitals in Saudi Arabia. In this sub-study of the SPACE registry, we found several differences between Saudis and nonSaudis who presented with ACS. First, at baseline, non-Saudi patients had fewer risk factors for atherosclerosis and were more likely to have suffered from atherosclerotic disease as evidenced by higher rates of PAD and previous CABG. These non-Saudi patients were more likely to present with STEMI and heart failure, both high-risk ACS presentations. Second, although the overall utilization of evidence-based medicine was not different in the two groups, we found that non-Saudis with STEMI were more likely to receive fibrinolytic therapy and to receive it in a timely manner. The higher utilization of fibrinolytic therapy in non-Saudis might be expected given the high STEMI rates. On the flip side, non-Saudis were less likely to undergo primary PCI, but, interestingly, once PCI was performed, they were more likely to have favorable doorto-balloon time. Lastly, despite favorable reperfusion therapy time indicators, we found that non-Saudis had an almost 3-fold higher risk of mortality and of developing cardiogenic shock compared to Saudi nationals.
It is unclear why non-Saudis are at such a disadvantage with respect to clinical outcomes despite generally receiving adequate evidence-based medical therapies. As noted above, compared to Saudis, non-Saudis more often presented with high-risk features (STEMI and heart failure). This could explain the higher rate of adverse outcomes in this group; however, we found that non-Saudi status was still a predictor of death and cardiogenic shock even after adjusting for these factors in the logistic regression model. One of the central findings of this analysis is that the median chest pain-to-hospital arrival time was 175 min in non-Saudis, which was 45 minutes longer than in Saudis. Although both the median door-to-needle time and the median door-to-balloon time were shorter in non-Saudis, this apparent short door-to-reperfusion time might have been offset by the longer pre-hospital delay in non-Saudis. It is well documented that longer symptom-to-reperfusion time results in higher mortality, regardless of the choice of reperfusion therapy [7] . In addition, the highest myocardial salvage rate is within the first two hours following chest pain onset, and delays in administrating reperfusion therapy is associated with a non-linear increase in mortality [7, 8] . The STEMI guidelines' emphasis on reducing the time from first contact with medical care to reperfusion has reduced hospital delays; however, pre-hospital delays remain a challenge [9, 10, 11] .
The symptom-to-hospital delay documented in non-Saudis may reflect patient characteristics as well as system-related gaps. Substantial segments of the non-Saudi worker population are blue-collar workers who are mainly from south Asia and do not speak Arabic, which is the official language in Saudi Arabia. Thus, communication issues might be a factor in the lack of timely access to proper health care or delays in diagnosis and therapies, although our findings do not necessarily support this premise.
Notably, non-Saudi expatriates are not eligible for free governmental health care and can only be treated in private hospitals. It is conceivable that non-Saudi patients might initially present at a private clinic or a hospital, then decide to go to a governmental hospital in view of the high cost of care. This is most likely if the patients are uninsured or if they are insured with a health policy that does not cover the major expenses associated with cardiac care, including invasive procedures. Over the last 10 years, the government has mandated comprehensive health insurance coverage for the non-Saudi population, which makes up more than 30% of Saudi Arabia's population according to the most recent census, conducted in 2010 [3] . Private business owners are required to pay for health insurance coverage; however health insurance coverage and quality is variable in Saudi Arabia. A system of multi-payer health insurance is currently used for the medical treatment of the expatriate population in Saudi Arabia. Within this system, insurance companies negotiate health packages with health providers that ensure profit for their companies. This type of health coverage, and differences in premiums, might result in inequalities in the services provided to patients [12] . Such premium-based variability in insurance coverage could restrict patients' eligibility for coverage at certain hospitals, and some hospitals might not offer state-of-the-art cardiac care, such as coronary angiography. This could explain, at least in part, why non-Saudis are less likely to undergo diagnostic coronary angiography and PCI.
Socio-economic level has been shown to predict referral to procedures such as cardiac catheterization after myocardial infarction as well as long-term outcomes, even in the presence of universal health coverage and in other contexts [13, 14] . Furthermore, studies conducted in the United States have shown a strong interaction between race and the likelihood that PCI is performed [15] . As noted, substantial sectors of the non-Saudi worker population are blue-collar and domestic workers who are in a low-income bracket.
Inherent physician bias might theoretically be a factor in the observed differences in outcomes between Saudis and non-Saudis, but our data did not show this. On the contrary, our analysis showed that non-Saudis had a more favorable door-to-reperfusion time.
This study has several limitations. Our data were based on an observational study, and this type of study has inherent biases that cannot be avoided. Unfortunately, the involvement of private hospitals was limited in the SPACE registry, and therefore we could not adequately investigate the pattern of care and outcomes in these institutions and compare them with government hospitals. Further, it is conceivable that hospitals that participated in the SPACE registry are generally motivated and have more resources. Notwithstanding these limitations in hospital representation, the disparities might have been more striking if private hospitals had been included because of the gaps in resources between government and private hospitals. The non-Saudi population is relatively young and mostly male, findings that were confirmed in the SPACE registry. Data collection was not detailed enough to address questions of race or socioeconomical status, and therefore we cannot investigate the interaction of these two factors with process of care and outcomes. We cannot account for unmeasured variables that might have played a role in patients' adverse outcomes. These data reflect the situation during the study period i.e. in [2005] [2006] [2007] , and some factors may have changed in subsequent years. However, these data are still relevant as baseline data and, therefore, additional studies are needed to determine whether changes have occurred. Lastly, we did not collect post-discharge data on adherence to medical therapy, follow-up, or long-term outcomes, which may be considered a limitation of the study.
Conclusions
Here we found disparities in the clinical features, use of invasive procedures, and adverse outcomes between Saudi nationals and non-Saudi guest workers presenting with ACS at hospitals in Saudi Arabia. Policy makers need to take these disparities into account and to address systematic barriers to timely ACS care with a particular emphasis on equitable health care coverage. Comprehensive, equitable health coverage should address primary as well as secondary prevention. Further research is needed to investigate the causes underlying the pre-hospital delays in presentation, the disparities in performing invasive procedures, the discharge and posthospital care, and long-term outcomes in non-Saudis. 
Supporting Information

